Background. In this analysis, we examine the incidence and clearance of external genital human papillomavirus (HPV) infection among heterosexual males aged 16-24 years.
Human papillomavirus (HPV) is the most common viral sexually transmitted infection in men and women in many countries, including the United States, where an estimated 6.2 million new cases occur each year [1] . While the impact of HPV infection in women has been well studied, the burden of HPVassociated disease in men is also notable. In males, HPV infection can lead to anogenital condyloma acuminata and cancers of the penis, anus, and oropharynx [2] . Though not confirmed, published data suggest a possible association between HPV infection and cancers of the esophagus and lung [2] [3] [4] [5] [6] [7] .
HPV can be transmitted to and by both sexes, and data suggest that the epidemiology of genital HPV infection among men is similar to that among women [8] [9] [10] . Once HPV infects one sex partner, it is rapidly transmitted to the other [11] . In a 12-month period, the probability of acquiring a new genital HPV infection in men is estimated to be 0.29-0.39 [3, [8] [9] [10] , which is comparable to previous estimates in women [8] [9] [10] . Additionally, the overall transmission rate from one heterosexual partner to the other over a 6-month period has been estimated to be 3.7 cases per 100 personmonths [12] . The duration of genital HPV infection in men also appears to be similar to that in women, with approximately 70% of both sexes clearing infections within a 12-month period [13] . Interestingly, differences between the age-related prevalence of HPV in men and women have been described [3] . HPV infection rates seem to stay constant in men, independent of age, as opposed to women, among whom the HPV prevalence is highest during 18-24 years of age and then decreases until middle age, after which it generally remains steady (increases in older age groups have been seen in some countries) [11] .
Compared with the global data available on HPV in women [14] , there are limited HPV infection incidence and prevalence data from population-based samples of men from different geographic areas. Available data suggest that HPV is common among sexually active men but also that there is considerable variation in prevalence and incidence, depending on age, country, and region [3, [8] [9] [10] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] .
Here we report the incidence rate and the duration of anogenital HPV infections (both any detection and persistent detection) among heterosexual men aged 16-24 years enrolled in the placebo arm of a worldwide double-blinded, randomized, placebocontrolled clinical trial of the quadrivalent HPV vaccine. In addition, differences by anatomic site and geographic region and sociodemographic and sexual behavior factors associated with external genital HPV infection in men were assessed.
METHODS

Subjects
Data were analyzed from men enrolled in the placebo arm of a randomized, double-blind, placebo-controlled clinical trial ( protocol 020; clinical trials registration NCT00090285) designed to evaluate the efficacy of the quadrivalent HPV L1 virus-like particle vaccine (which targets HPV genotypes 6, 11, 16, and 18) in young men (Gardasil; Merck, Whitehouse Station, NJ). The study population and trial design have been described in detail elsewhere [27] . Briefly, the trial population consisted of 3463 heterosexual males aged 16-24 years and 602 males who have sex with males, aged 16-27 years, from 71 sites in 18 countries in Africa, the Asia-Pacific region, Europe, Latin America, and North America. Participants were eligible if they were aged 16-24 years, were healthy, and agreed to refrain from sexual activity for 2 calendar days before scheduled visits (to avoid contamination with HPV DNA deposited during intercourse). Heterosexual subjects also had to have had a lifetime number of 1-5 exclusively female sex partners. Subjects with a history of or current clinically detectable anogenital warts or genital lesions suggesting other sexually transmitted diseases were excluded. Subjects were randomly assigned at a ratio of 1:1 to receive quadrivalent HPV vaccine or placebo. Although both heterosexual males and males who have sex with males were enrolled in the trial, only data for the 1732 heterosexual males assigned to the placebo arm are presented here.
All enrolled subjects underwent external genital inspection and swabbing for HPV DNA detection at baseline (day 1) and months 7, 12, 18, 24, 30, and 36 . If a lesion observed at baseline was judged by the investigator to be possibly HPV related or of unknown etiology, then the subject was excluded from the study. Subjects with known immunodeficiency or human immunodeficiency virus (HIV) infection were also excluded. Subjects with HIV infection detected after enrollment were not excluded from the study.
Institutional review boards at participating centers approved the protocol, and written informed consent was obtained from all subjects. Studies were conducted in conformity with applicable country or local requirements regarding ethics committee review, informed consent, and other statutes or regulations regarding the protection of the rights and welfare of human subjects participating in biomedical research.
Study Measurements
External genital inspection was conducted using a magnifying glass. Swab specimens were collected separately from the penile, scrotal, and perineal/perianal areas at baseline and months 7, 12, 18, 24, 30 , and 36 with a wetted Dacron-tipped swab (swab specimens of the anal canal were not taken from heterosexual subjects). All specimens were tested for the β-globin gene ( positive control), and adequate samples were tested for a panel of 4 HPV types (ie, HPV 6, 11, 16, and 18) . Swab, biopsy, and serum samples were tested at Merck Research Laboratories (Wayne, PA) and Pharmaceutical Product Development (Wilmington, DE).
HPV Testing
Multiplex polymerase chain reaction (PCR) based on real-time fluorescent PCR was used for the detection of HPV 6, 11, 16, and 18 in swab samples [28] [29] [30] . This assay allowed for simultaneous detection of 3 gene products (L1, E6, and E7) for a given HPV type. DNA was purified using the QIAmp DNA kit (Qiagen, Germantown, MD). HPV type-specific primers based on published L1, E6, and E7 sequences were used to amplify specific portions of these genes simultaneously. Specific amplicons were detected in real time by fluorescently labeled oligonucleotide probes. The gene specific oligonucleotide probes were each labeled with a different fluorescent label.
Statistical Methods
The analysis of the incidence and clearance of HPV infections was based on HPV test results for the swab samples and thinsection microtomy specimens. Incidence and time to clearance were estimated for vaccine-associated HPV types [6, 11, 16, 18] , by group and individually. For estimates of grouped or typespecific HPV incidence, only participants who had negative results of DNA tests for grouped HPV types or a specific HPV type at enrollment were included. Clearance and incidence rates, by type, were determined using appropriate incidence density calculations based on person-time denominators (ie, person-years). Person-time for newly acquired HPV infection was estimated by use of the time from study entry to the date of the first detection of HPV DNA, assuming a new infection arose at the date of detection. Also, because HPV testing occurred at discrete intervals (typically every 6 months), it is likely that a positive HPV test result observed on a particular date was preceded by an unobserved period of HPV positivity of indeterminate length. For the calculation of person-time at risk, it was therefore assumed that the HPV infection occurred at the midpoint between the date of the initial positive test result and the date of the previous negative test result). Since multiple infections are possible within an individual, multiple positive test results were judged as separate events. The exact 95% confidence interval (CI) calculated for an incidence estimate was based on the number of events modeled as a Poisson variable over the total number of person-years.
Actuarial analysis of mean and median clearance times, by type, took into account censoring for incomplete observations (ie, those in whom clearance had not occurred at the last recorded follow-up visit). Kaplan-Meier curves depicting cumulative incidence were constructed for any HPV and type-specific HPV to derive the above-indicated statistics and rates of cumulative incidence at different points during follow-up time. Factors associated with these outcomes were assessed with proportional hazards regression analysis. A backward-selection method, with a significance threshold of 0.10, was used to identify variables included in the final multivariable model. Candidate variables included race, education, marital status, smoking status, circumcision status, lifetime number of female sex partners, lifetime history of condom use with female sex partners, and number of female partners in the past 6 months. World region (ie, Africa, Asia-Pacific, Europe, Latin America, and North America) and age (in years) were included in all models as design factors. The proportional hazards assumption for the Cox models was tested, and no gross violations were shown.
Any HPV DNA detection was defined as any positive PCR result for an anogenital swab or biopsy specimen taken at one visit. Persistent DNA detection is a subset of this group that was defined as detection of the same HPV type in any anogenital swab or biopsy specimen from the same site collected on ≥2 consecutive visits ≥6 months (±1 month) apart. HPV clearance was defined as a participant testing negative for a specific HPV type at 2 consecutive visits after having a specimen from the same site testing positive for HPV DNA. The time to clearance or duration of an HPV infection was defined as the time elapsed from the date of the first positive HPV test result to the date of the first negative HPV test result after the last detection of HPV infection. Participants whose infection(s) did not clear were censored at the date of the last positive HPV test result.
RESULTS
Subject demographic characteristics are presented in Table 1 . The mean age (±SD) was 20.2±1.8 years, and 43.0% were from Latin America. Smokers comprised 35.0% of enrolled subjects, and 64.3% of subjects were uncircumcised.
As seen in Table 2 , the rate of any HPV 6, 11, 16, or 18 DNA detection among males who were seronegative and PCR negative for all 4 HPV types on day 1 was 9.0 cases per 100 person-years at risk. When the incidence rates of HPV infection were stratified by geographic region, some differences became apparent. Similar to what was previously seen among females, Africa (South Africa) had the highest incidence of any HPV 6, 11, 16, or 18 DNA detection (17.2 cases per 100 person-years), while Asia-Pacific had the lowest incidence (3.2 cases per 100 person-years). This pattern was generally similar for the individual HPV types, with the exception of HPV 11. In all other cases, Africa had the largest incidence of any HPV DNA detection, Asia Pacific had the smallest incidence, and the other regions had intermediate incidences.
The rate of any HPV 6, 11, 16, or 18 DNA detection was highest in penile swabs (8.2 cases per 100 person-years), followed by scrotal swabs (6.6 cases per 100 person-years), and perineal/ perianal swabs (4.3 cases per 100 person-years; Table 2 ). The pattern of incidence was typical, with incident HPV 16 detection being most common and incident HPV 11 detection being least common, no matter the anatomic site sampled. The cumulative incidence of HPV 6, 11, 16, or 18 infections among heterosexual subjects naive to all of those types on day 1 rose to near 50% by 48 months (Figure 1 ). Not surprisingly, the largest proportion of this increase can be attributed to HPV 16, the incidence of which rose to >35% by 48 months. The duration of any HPV 6, 11, 16, or 18 DNA detection and persistent HPV 6, 11, 16, or 18 DNA detection can be seen in Table 3 . The median time to clearance (defined as 2 consecutive negative test results for swab specimens from the same site where HPV DNA was previously detected) of any HPV 6, 11, 16, and 18 DNA detection (Table 3 ) in all subjects was 6.1, 6.1, 7.7, and 6.2 months, respectively. Results were similar whether subjects had single or multiple HPV types detected, although the median time to clearance was slightly elevated for subjects with multiple HPV types detected.
The median time to clearance (defined as 2 consecutive, negative swab test results) of persistent HPV 6, 11, 16, and 18 infections (Table 3 ) was 6.7, 3.2, 9.2, and 4.7 months, respectively. Mean and median times to clearance of persistent HPV 6 and 11 detection were similar in subjects with single or multiple HPV types detected. At 24 months after the first detection of persistent DNA detection, 5.0%, 0.0%, 8.6%, and 3.9% of subjects still had HPV 6, 11, 16, and 18, DNA detected, respectively. Duration and clearance of any HPV 6, 11, 16, or 18 DNA detection by anatomic site can be seen in Table 4 . Table 5 presents the risk factors for any detection of HPV 6, 11, 16, or 18 DNA in this population of heterosexual males who were seronegative and PCR negative for HPV 6, 11, 16 , and 18 at enrollment. Higher lifetime number of sex partners, lack of condom use, and living in Africa (South Africa) were associated with a higher incidence of HPV detection. Interestingly, smoking and circumcision were not risk factors for HPV 6, 11, 16, or 18 infection.
Progression from incident HPV 6, 11, 16, or 18 DNA detection to cases of external genital warts was also analyzed (Figure 2) . At 30 months after infection detection, roughly 30% of subjects with an HPV 6 or 11 DNA detection had a diagnosed Truncation occurred at the time disease was diagnosed. a Clearance was defined as 2 consecutive negative swab tests subsequent to DNA detection at the same site. Time to clearance was defined as the time elapsed from the date of the first positive HPV test result to the date of the first negative HPV test result after the last HPV detection. b Persistent DNA detection was defined as detection of the same HPV type in any anogenital swab or biopsy specimen from the same site collected on >2 consecutive visits >6 months (±1 month) apart. c Clearance was defined as 2 consecutive negative swab test results subsequent to persistent DNA detection at the same site. Time to clearance was defined as the time elapsed from the date of the first positive HPV test result to the date of the first negative HPV test result after the last HPV detection.
case of external genital warts. The incidence rate of external genital warts in subjects seronegative and PCR negative for HPV 6, 11, 16, and 18 on day 1 was 0.94 cases per 100 person-years at risk (data not shown).
DISCUSSION
In this report, we have shown that anogenital acquisition of HPV 6, 11, 16, and 18 is common among heterosexual males. Differences in HPV incidence were seen among both anatomic and geographic locations. In addition, the mean time to clearance among subjects with persistent HPV 6, 11, 16, or 18 DNA detection was comparable to that for subjects with any HPV 6, 11, 16, or 18 DNA detection. Most of the subjects in whom HPV DNA was detected did not have a clinically relevant lesion diagnosed, as shown by a cumulative external genital warts incidence of approximately 30% 30 months after any HPV 6 or 11 DNA detection, similar to that seen in the HPV Infection in Men (HIM) study [31] . The rate of any detection of HPV 6, 11, 16, or 18 DNA in the population aged 16-24 years was 9.0 cases per 100 person-years at risk. Data from a cohort study of the HIM [3] indicated HPV 6, 11, 16, and 18 incidence rates of 3.6, 0.9, 4.4, and 1.9 cases per 1000 person-months at risk, respectively. The corresponding rates from the current analysis, after conversion to personmonth rates, were 3.2, 1.2, 3.7, and 2.1 cases per 1000 personmonths at risk. While the rates of HPV detection in the current analysis correlate to those seen in the HIM study, it is important to consider that the overall rates reported in the current study are skewed by the high incidence seen in Africa (17.2 cases per 100 person-years at risk), a region with generally high HPV infection rates [32, 33] . No subjects in the HIM study were enrolled from Africa. In addition, the age of subjects enrolled in the HIM study ranged from 18-70 years, and this could have contributed to any differences seen.
Time to clearance in the current report can be more easily compared with the same data from the HIM study, as the same definition for clearance was used in both studies (2 consecutive negative test results after testing positive). Median time to clearance of HPV 6, 11, 16, and 18 in the HIM study was 6.4, 11.8, 12.2, and 6.3 months, respectively. This compares to median times to clearance of 6.1, 6.1, 7.7, and 6.3 months, respectively, for HPV 6, 11, 16, and 18 in the current study. A reason for the obvious difference in median times to clearance of HPV 16 in these 2 studies is not apparent, but it is possible that differences in study population, age distribution, sampling techniques, and HPV testing technologies might have played a role here. In addition, while the population of the current report was strictly heterosexual, this was not the case with the HIM study.
Comparing incidence data in the current report to similar data published by Insinga et al from females aged 16-23 years enrolled in a clinical trial of quadrivalent HPV vaccine yields interesting information [34] . The overall incidences of HPV 6, 11, 16, or 18 DNA detection among these subjects were 3.6, 0.4, 5.4, and 2.1 cases per 100 person-years at risk, respectively; data very similar to the data presented currently. The median durations of HPV 6, 11, 16, and 18 DNA detection (censoring at disease or clearance) among females aged 16-23 years were 6.2, 6.5, 11.7, and 12.4 months, respectively. While very similar for HPV types 6 and 11, the median duration of infection was higher among females 16-23 years of age than among the males in the current report (7.7 months for HPV 16 and 6.2 months for HPV 18). The reason for the discrepancy seen could lie in one of several factors, most notably the physiological differences between male and female anatomy. Only external anogenital swab specimens were taken in the current study.
In conclusion, we have shown that the acquisition of HPV 6, 11, 16, or 18 is common among males. We have also shown differences in HPV DNA detection rates at different anogenital anatomic sites. While many of these infections clear, the median time to clearance is likely to be ≥6 months, making HPV transmission likely. Therefore, male vaccination may reduce the transmission and overall incidence of HPV infections, as well as the rate of HPV-associated diseases among heterosexual men in the community. Figure 2 . Kaplan-Meier analysis of the progression from incident detection of human papillomavirus (HPV) DNA to an incident, clinically relevant, type-related external genital warts among heterosexual male subjects in the placebo arm.
Notes
